The nutritive value of protein of 2 sorghum grain composites containing 7.9% and 11.8% protein, respectively, was compared on the basis of growth of rats and amino acid analyses. The high protein sorghum grain had higher percentages of all the 17 amino acids studied than did the low protein sorghum grain. In both grains, lysine was the most deficient amino acid, and content of sulfur-containing amino acids and threonine also was low. Calculated on an equal nitrogen basis, the dibasic amino acids, especially lysine, the sulfur-containing amino acids, and threonine levels of the high protein sorghum grain were lower than those of the low protein sorghum grain. Nutri tive value of the protein of low protein sorghum grain was superior to that of a high protein sorghum grain, as shown both by growth of rats and amino acid assays. When lysine, histidine, and arginine were added to the high protein sorghum grain diet to adjust percentages of those amino acids in the protein similar to the content in the low protein sorghum grain diet, an increase in growth resulted.
Sorghum grains are used widely in feeds for poultry, swine and other farm animals. Factors such as environment and hybrids are known to cause variations in protein content of sorghum grains (1) . With the expanding use of irrigation, fertilization, and hybrid seed in farming practices, the protein content of sorghum grain may vary more than formerly. There is a paucity of information on the effects of variation in protein content on the nutritive value of protein from sorghum grain. However, the nutritive value of corn has been studied more extensively. Sauberlich et al. (2) determined protein and 18 amino acids in a series of corn samples. Both variety and nitrogen fertilization influenced protein and amino acid content, but in the higher protein content corn, leucine, alanine, phenylalanine and proline made up a greater percentage of the protein than the others, whereas, arginine, glycine, lysine and tryptophan became a lesser percentage of the protein. Sauberlich et al.2 stated that the main effect of nitrogen fertilization of corn was on quantity of protein rather than quality.
Using rats and chicks as test animals, Sauberlich et al. (3) determined the nutri tive value of corns ranging from 6.8 to 13.6% protein. High protein corn was superior to low protein corn when fed as equal proportions of grain in the diet. For growth of their animals, both high and low protein corn were deficient in tryptophan and lysine, and the low protein corn was deficient also in isoleucine, threonine, and valine. When corn was fed on the basis of equal protein content in the diet, high protein corn was somewhat inferior to low protein corn.
Vavich et al. (4) observed that, as meas ured by chick growth, sorghum grain con taining 10.5% protein was superior to sorghum grain containing 15.3% protein when fed at a constant level of protein in the diet. Using microbiological amino acid assays they found that the diet made with the 10.5% protein sorghum grain was low in lysine and arginine, and that made with the 15.3% protein sample was high in leucine and isoleucine.
The object of the present experiment was to determine the nutritive value of protein of high and low protein hybrid sorghum grain, as measured by growth of rats, and to correlate these data with the amino acid content of the protein.
EXPERIMENTAL
Two sorghum grains, both composites of several samples of the same relative pro tein content, were obtained from the Agro nomy Department at Kansas State Uni versity. The low protein sorghum grain was 7.9% protein (N X 6.25) and the high protein sorghum grain was 11.8% protein by standard methods (5). Mois ture content was 8.4% and 8.2% , respec tively.
Seventeen amino acids were determined in each sample by ion exchange chromatography using a Beckman Amino Acid Analyzer, Model 120B. Samples were hydrolyzed in 6 N HC1 for 22 hours at 110Â°u nder vacuum. The sample was filtered and evaporated to dryness; water was added and evaporation repeated twice. So dium citrate buffer, pH 2.2, was added and the samples were stored in a frozen condition until analyzed. Results of these analyses were used in balancing amino acid and protein content of diets, as indi cated later.
Thirty 28-day-old albino rats distributed in a randomized complete block design were used in a 4-week growth study.
Blocks consisted of rats of the same sex within a 5-g weight range. Feed and water were supplied ad libitum.
Six different diets, shown in table 1, were fed to groups of 5 rats caged individ ually. Rats were housed in metal screenbottom cages in a room maintained at a temperature of 26 to 28Â°. Sorghum grain plus the indicated amino acids were the only sources of protein in diets 1, 2, 3 and 4. Glutamic acid and additional glycine were added to diets 1, 2 and 4 so that those rations would contain approximately the same quantity of N as diet 3. Na3PO4 was added to diets containing starch to ad just all diets to a similar phosphorus con tent. Starch was substituted for part of the high protein sorghum grain in diets 2 and 3 so that those diets had the same total protein content as diet 1, made from low protein sorghum grain. Diet 3 con tained additional lysine, histidine, and arginine to raise the content to the same levels as in diet 1. Diets 5 and 6 were supplemented with casein to 14% protein.
Starch was substituted for some sorghum grain in diet 6 so that diets 5 and 6 con tained the same amount of grain protein.
Analysis of variance and the LSD means separation method were made by standard methods (7) . The level of significance used was, a = 0.05. RESULTSAND DISCUSSION Data from the amino acid determina tions are shown in table 2. The dibasic amino acids, especially lysine, the sulfurcontaining amino acids and threonine ap peared to be the amino acids most defi cient in both the low and high protein sorghum grains. All the amino acids stud ied were present in a higher percentage in the high protein sorghum grain. Lysine in creased the least from the low to high pro tein grain.
All the essential amino acids, with the exception of leucine and phenylalanine, made up a smaller percentage of the pro tein of high protein sorghum grain than of the protein of low protein sorghum grain (table 2) . These values indicate that protein of the low protein sorghum grain would be expected to have the higher nutritive value.
Body weight gains of the rats for the 4-week period are shown in tables 3 and 4. There was a significant effect of diets on growth (tables 3 and 4). Caseinsupplemented diets produced much greater growth than did unsupplemented diets. When low and high protein sorghum grains were fed as the same percentage of the diet (diets 1 and 4) there was no sig nificant difference in growth, although the rats fed high protein sorghum grain grew slightly more. Fed on an equal protein basis, the low protein sorghum grain caused significantly greater growth than did high protein sorghum grain (diets 1 and 2). When lysine, histidine and argi nine were added to diet 2, to produce diet 3 with a distribution of those amino acids similar to diet 1, growth increased, but not significantly.
These results might be explained par tially by data in table 5 showing percent ages of the required levels of essential amino acids that were supplied by the diets. Almquist (8) states that "one seri ous amino acid deficiency is enough to cause a failure of the entire diet." When related to this assumption the results can be explained. Lysine is the most limiting amino acid in the diets without casein sup plementation. Thus the high protein sor ghum grain (diet 4) did not produce sig nificantly more growth than did the low protein sorghum grain (diet 1) when fed as equal amounts of grain in the diets. In casein-supplemented diets (5 and 6) the sulfur-containing amino acids are limiting; but based on composition, these diets should be superior to the others.
In somewhat related studies Dobbins et al. (9) fed fattening pigs and rats equal There was not a significant block effect in diets 1, 2, 3 and 4, but a significant block effect was found in the casein-sup plemented diets. The probable reason for this is that rats fed the casein-supple mented diets grew much more, allowing differences in growth rates of female and male rats to become apparent. Growth with the other diets was not sufficient to cause this effect.
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